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Abstract 
A significant proportion of patients with large-vessel occlusion (LVO) initially present to the 
hospital with transient ischemic attack (TIA) and mild clinical manifestations such as low Na-
tional Institutes of Health Stroke Scale (NIHSS) scores (≤5). However, due to the natural course 
of the disease, the individuals may subsequently develop worsening symptoms. To date, there 
is lack of evidence-based guidelines on mechanical thrombectomy (MT) among those patients. 
Therefore, the predicting factors associated with better or worse outcomes for acute stroke 
patients receiving MT compared to those not receiving the treatment are unknown. We de-
scribe a TIA case with LVO who was treated with MT; we used perfusion imaging as a decision 
aid. A 55-year-old male patient with a past medical history of TIA, hypertension, and hyper-
lipidemia was admitted to our hospital for evaluation of transient mild right hemiparesis and 
dysarthria lasting for 5 min 3 h before admission. He reported that he had experienced the 
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same condition 1 day before. On admission, neurological examination showed normal function 
with an NIHSS score of 0. Computed tomography angiography revealed left proximal M1 oc-
clusion. In addition, perfusion magnetic resonance imaging maps calculated by the RAPID soft-
ware showed acute small lesions on the left hemisphere with core volume (0 mL) and a large 
ischemic penumbra (70 mL). Immediate endovascular thrombectomy was performed 5 h fol-
lowing symptom onset with complete recanalization and clinical recovery. The case suggests 
that MT in LVO patients with low NIHSS scores, even a score of 0, on presentation is potentially 
a safe and effective treatment. The use of perfusion imaging in the acute phase of stroke 
should be encouraged for the decision-making process. © 2020 The Author(s) 
 Published by S. Karger AG, Basel 
Introduction 
Recently, data from several randomized clinical trials demonstrated clear benefits of me-
chanical thrombectomy (MT) in patients with National Institutes of Health Stroke Scale 
(NIHSS) threshold ≥6 and acute ischemic stroke caused by a large-vessel occlusion (LVO) in 
the anterior circulation [1]. However, whether the same benefit exists for a less frequent but 
more specific population group – acute stroke patients with LVO presenting with transient 
ischemic attack (TIA) and/or mild clinical symptoms (e.g., low NIHSS scores) – has not been 
well established. This can pose substantial challenges in diagnosis, treatment, and disease 
management. Due to the dilemmas, a large proportion of those patients may not be considered 
for recanalization procedure, particularly those presenting with mild neurological deficits. 
However, the patients are at risk of subsequent neurological worsening and may end up with 
poor outcomes. Perfusion imaging has a growing role in evaluating tissue viability and mis-
match at the time of patient presentation, hence it can help make appropriate treatment deci-
sions. Here, we present a TIA patient with LVO who was successfully treated with MT guided 
by perfusion imaging. 
Case Presentation 
A 55-year-old male patient with a past medical history of TIA, hypertension, and hyper-
lipidemia presented to our hospital for evaluation of transient mild right hemiparesis and dys-
arthria lasting for 5 min 3 h before admission. No other vascular risk factors were recognized. 
He had experienced similar symptoms 1 day before. On admission, neurological examination 
showed normal finding with an NIHSS score of 0, and blood pressure was 160/90 mm Hg. 
Cerebral computed tomography (CT) revealed no intracranial hemorrhage and an Alberta 
Stroke Program Early CT Score (ASPECTS) of 10 in the left middle cerebral artery (MCA) ter-
ritory (Fig. 1a). CT angiography revealed left proximal M1 occlusion and good collateral status 
(Fig. 1b). We also performed a “stress test” by sitting the patient upright for 10 min and then 
evaluating for any deterioration. The patient passed the test and tolerated walking. Since all 
clinical symptoms disappeared, perfusion magnetic resonance imaging (MRI) was performed 
to evaluate mismatch volume and the risk of deterioration. Perfusion MRI maps calculated by 
the RAPID software showed small lesions on the left hemisphere with core volume (0 mL), a 
large ischemic penumbra (70 mL), and mismatch volume (70 mL) (Fig. 2a, b). Different-aged 
hyperintensity lesions were recorded on diffusion-weighted imaging, suggesting that the 
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patient had recent ischemic stroke. Therefore, no systemic thrombolysis was administered. 
Furthermore, in the presence of large mismatch volume, the patient underwent MT treatment, 
with an onset-to-groin puncture time of 6 h. Five passes of stent retriever fully extracted the 
thrombus and led to complete recanalization of the MCA segment (Fig. 3a–c). During hospital-
ization, the patient was in stable condition without neurological deficits. His blood pressure 
dropped back to 130/80 mm Hg and was maintained below 140/90 mm Hg due to successful 
reperfusion. Another follow-up perfusion MRI at 24 h showed no more mismatch and com-
plete recanalization of left MCA (Fig. 4a, b). The clot specimen evaluated by histopathology 
was composed mostly of fibrin and cholesterol crystals. Other test results included high LDL-
C lipid profile, nonsignificant carotid artery stenosis, sinus rhythm on electrocardiogram, and 
normal heart ultrasound, which confirmed the atherosclerosis cause of the vascular occlusion. 
The patient was discharged on the 7th day of hospitalization with antiplatelet therapy, high 
dose of statin, and other cardiovascular risk factor control therapies. 
Discussion 
TIA and minor stroke patients with LVO are at high risk of symptom progression and poor 
functional outcome [2, 3]. Approximately 10% of patients initially present to the hospital with 
TIA or minor strokes, which are affected by early progression of symptoms and infarct growth 
in association with LVO [4, 5]. Heldner et al. [6] reported that without thrombolysis or MT 
treatment, 22.7% of patients with LVO and low NIHSS scores experienced deteriora- 
tion within 24 h, 33.3% deteriorated during hospital stay, and 41.4% deteriorated within  
3 months, and 6.7% of them deceased. One aspect to consider in TIA patients with LVO is the 
collateral status. Patients with LVO presenting with TIA are more likely to have adequate col-
lateral circulation to minimize brain damage. Our patient presented with an NIHSS score of 0, 
suggesting a good collateral circulation. However, Miteff et al. [7] showed that only 38% of 
those with good collateral status but poor reperfusion had favorable outcomes. In addition, 
Campbell et al. [8] demonstrated that collateral deterioration between baseline and follow-up 
imaging was strongly associated with infarct growth. Therefore, the existence of good collat-
erals does not warrant a good outcome and reperfusion is still of utmost importance. Current 
clinical guidelines on MT recommend a lower NIHSS threshold of 6, but they are mostly based 
on clinical trials. To date, guidelines on MT among LVO patients with low NIHSS scores are 
lacking. Only observational studies and case series were conducted using mostly ASPECTS and 
CT angiography/magnetic resonance angiography as the proof of LVO and ischemic core vol-
ume. Importantly, several factors need to be taken into account in decision-making for MT, 
including the risk of neurological deterioration and clinical outcomes versus the complication 
rate of the procedure (e.g., displacement of the embolus causing distal occlusion and thus 
worsening neurological deficits). The problem is how we can predict which one that will be. 
Some have suggested sitting up the patient as a “stress test” to observe whether the clinical 
manifestations get worse. Another option is to monitor the patient tightly and immediately 
perform MT in case of deterioration. Some studies showed that approximately one-third of 
patients with TIA or minor stroke still have tissue hypoperfusion [9–12]. Neurological deteri-
oration is therefore likely due to the growth of ischemic core into the penumbra. It seems that 
using perfusion imaging to define the ischemic penumbra would be a better approach. In per-
fusion MRI, a large mismatch volume of 70 mL was estimated, which indicated benefit from 
endovascular recanalization. Cerebral distraction angiography revealed proximal left M1 
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occlusion. Angiography at the end of the intervention also showed complete reperfusion of 
the former occluded left MCA territory (TICI 3), and disappearance of mismatch volume  
on 24-h follow-up perfusion MRI reconfirmed the proper perfusion-based clinical decision-
making. 
In conclusion, the presence of significant perfusion MRI diffusion mismatch among TIA/ 
minor stroke patients with LVO would likely benefit from MT treatment. Therefore, further 
studies, particularly randomized controlled trials, are needed to focus on this population 
group and will help provide long-term efficacy data. 
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Fig. 1. Angiography of the anterior circulation. a Noncontrast CT with no hemorrhage, ASPECTS of 10. b CT 
angiography: occlusion of the proximal left MCA artery. ASPECTS, Alberta Stroke Program Early CT Score; 
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Fig. 2. Perfusion MRI with the RAPID software. a Small diffusion lesion in the left hemisphere and corona 
radiata with a complete perfusion deficit of the left MCA territory: mismatch volume. b Levels of Tmax. MCA, 
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Fig. 3. Before and after MT. a Occlusion of the proximal M1 MCA. b After recanalization: complete reperfu-
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Fig. 4. Twenty-four-hour follow-up perfusion MRI. a Recanalization of the left MCA. b Disappearance of 
Tmax: no mismatch. MCA, middle cerebral artery; MRI, magnetic resonance imaging. 
 
